Introduction
Nutritionists have sought for a long time a means of predicting ruminant productivity based on the nutritive value of feeds, the potential of the animal, and the characteristics of the environment in which the animal is fed.
Numerous models (Monterio, 1972; Rice et al, 1974; Baldwin et al, 1977; Brown et al, 1977; Forbes, 1977a Forbes, ,b, 1983 Sanders and Cartwright, 1979; Mertens and Ely, 1979; Black, 1984; Bywater, 1984; Kahn and Spedding, 1984; Mertens, 1985 Mertens, , 1987 Loewer et al, 1986; Fisher et al, 1987; NRC, 1987; Williams et al, 1989; Danfaer, 1990; Hyer et al, 1991; Illius and Gordon, 1991; Tolkamp and Ketelaars, 1992; Sauvant, 1994; Ingvartsen, 1994; Finlayson et al, 1995) have been developed to predict animal responses based on simulations of current knowledge about animal digestive and metabolic processes. Approaches have ranged from empirical regression equations that describe responses for a specific set of conditions to mechanistic models that are based on theoretical causeand-effect relationships with the aim of having universal applicability. However, production response models for ruminants still elude us because intake is not predicted reliably. Most current models of ruminant digestion and metabolism work best only when intake is a known input.
The importance of intake to models of animal response reflects the critical importance of intake to the survival of individual animals and their species. Ruminants are adaptive and self-regulating organisms that require feed as a source of nutrients and energy for maintenance, work, growth, reproduction, and lactation. If intake was not tightly regulated, we would observe animals that routinely starve for lack of food consumption or die from the stress of excessive weight. With a function so critical for survival, it seems logical that a complex system of regulation would evolve because any single simple system would leave the animal too susceptible to changes in its environment or physiological state that could result in nonsurvival. Thus, intake probably is regulated by complex mechanisms that control the initiation and cessation of feeding behaviour, the metabolism and expenditure of nutrients, and the stability of body weight in the animal.
From a systems analysis perspective, feed intake can be viewed as a self-regulating behaviour that results in body energy homeostasis in mature, non-productive animals. When changes in body energy associated with growth, fattening, reproduction, or lactation are taken into account, it is clear that intake regulation must also be closely coupled with homeorrhetic mechanisms (Bauman and Currie, 1980;  Sauvant, 1994) (Brobeck, 1960) . Nutrients simply are not absorbed fast enough after eating to be the signal that terminates meals. Adding to the complexity of intake regulation is the animal's ability to access tissue reserves and turnover pools to moderate any short term deficit in nutrient intake (Mogenson and Calaresu, 1978) . Thus (Booth et al, 1976) . Although no physiological basis for a set point mechanism has been established, it seems possible for the genetic code of animals to contain this type of information. If not the true physiological mechanism, the set point concept may be useful in describing the outcome of intake regulation and in formulating mathematical models for simulating it. A dynamic system, especially one with feedback control processes, can achieve an equilibrium or steady-state that acts like a set-point because it tends to return to equilibrium after it has been perturbed. The difference between set points and dynamic equilibria is that the former is predefined, constant, and the driving function for the process; whereas the latter is variable and the result of a specific set of kinetic properties of the system. Forbes (1977a) (Balch and Campling, 1962; Campling, 1970; Bines, 1971 It is much less certain that distension would affect intake when high energy rations are fed. Nevertheless, it seems that distension should be one of the signals that is simulated in any model of intake regulation. Osmotic load also may be a signal for short-term regulation of feeding behaviour (Grovum, 1987) . Recycling of sodium via saliva during rumination may play a role in the cyclic nature of meal patterns. Forbes (1995) (Rice et al, 1974; Forbes, 1977a,b; Sanders and Cartwright, 1979; Black, 1984; Bywater, 1984; Kahn and Spedding, 1984; Mertens, 1985 Mertens, , 1987 Williams et al, 1989; Danfaer, 1990 (Forbes, 1977a,b; Sanders and Cartwright, 1979; Kahn and Spedding, 1984; ) used an exclusive approach based on the physical or physiological limitations proposed by Conrad (1966) and Baumgardt (1970) . Intake was the minimum of a physical limit based on faecal output or a physiological limit for digestible dry matter or energy intake (Conrad et al, 1964) . Mertens (1985) added a third factor in his diagram of intake regulation, indicating that physical, physiological, or psychogenic mechanisms control distinct valves regulating inflow to the system. In his model, however, intake is defined as the minimum of intakes required to meet either the NDF intake constraint or that required to meet net energy demand, and psychogenic modulation of intake was assumed to be a multiplicative modifier of the intake that was limiting.
Poppi et al (1994) extended the exclusive approach to predict long-term intake using the most limiting of six factors. Intake was estimated using three physical (rate of intake, ruminal turnover, and faecal output) and three metabolic (genetic potential of protein deposition, heat dissipation, and ATP degradation via substrate cycling) limits and the minimum of these six was used to predict intake. For several diets, they observed that more than one mechanism of intake control became limiting simultaneously. In addition, ATP degradation was a limiting factor for most diets suggesting that the balance of nutrients that are absorbed has an important role in the regulation of intake. This mechanism illustrates the importance that imbalances in absorbed or metabolized nutrients may have on the intake regulation of high quality or protein-deficient forages (Egan, 1977; Weston, 1985; Owens et al, 1991 ). Poppi et al (1994 (1996) developed an additive model in which eating behaviour is the difference between intake motivation (hunger) and satiety. Hunger is integrated as the product of feed palatability, the ratio between daily energy requirement and the previous days energy supply, and eating frequency differences between day and night. Satiety is the product of ruminal load and instantaneous energy balance.
Integrative primary signal
The dilemma facing modellers of intake regulation is identifying the driving mechanism for feeding behaviour and intake. Is intake a «push» or «pull» function, e.g., is intake controlled directly and absorbed nutrients pushed through the metabolic system or is metabolic demand pulling nutrients through the system thereby creating a need that intake is regulated to achieve? Classical theories of intake regulation suggest the latter, that intake is a response to demand and not a primary input under direct control. The model illustrated in figure 1 indicates that the primary driving signal is based on a set point for potential energy needs which defines long-term appetite. The 
